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ABSTRACT

The theory of shockwave focusing (developed by
Silbigerl) is employed in an attempt to predict the extent

of focuslng of explosive pulses at caustics as observed

experimentaliy by Bzu-ash.2

Assuming a viscous medium end a physicelly reasonable
model for the explosive pulse, en order of magnitude com-

pariscn with experiment is obtained. The omission of

viscosity from the mathematical model leads to unaccept-

atly lerge amplification at the caustic.
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iadex of refraction
principal value

empirical pesk value of explosive presswre pulse in isovelocity

water
pressure time history
pressure field for time-harmonic source

computed time history of pressure pulse at observation point

on caustic

pressure field

range from location of sound source

horizontal range to origin of two-branched caustic
horizeontal ranrge to observation point on th2 caustic
sign function of argument x

time

decay constant of explosive pulse

rise time of model source pulse F{t)

decay time of model source pulse F(t) (if ty << tl)
2 T H Z r; - A3
phase function defined as W=Er + j‘ ojna(z)-ge dz + ‘f ‘/na(z -§2 dz
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vertical distance of observation point on the caustic from

13

¢
2=0 axis

z, vertical distance of sound source from the origin

2,T vertical and radial cylindrical coordinates

z, vertical coordinate of turning point for the ray characterized
by § [in W(g,z,xfor § (in¥ )

a = v/2c3(0)

B = w_/2c3(o)

T{x) gamra function of argument x

92 Isplacian gperstor

8(x),5(y),58(z) Dirac delta functions

!e! viscous damping factor

n coefficient of bulk viscosity

31 coefficient of shear viscosity

g sine of the angle with respect to the verticai at which the

ray passing through the observation point leaves the source

§c sine of the angle with respect to the vertical at which the
ray touching the caustic at the observation point leaves the
source

[+) density of water

v Kinematic viscosity coefficient

® circular fregquency
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I. INTRODUCTION

Because the speed of sound varies from point-to-point in most bodies of
water, shockwaves propagating under water do not travel in straight lines
but rather in curved paths. Under certain conditions and in certain regions
the paths converge, or focus, and sound energy which had previously been dis-
tributed over a large volume of water is concentrated into a small volume.
Regions in which this effect occurs are called convergence zones. Conver-
gence zones consist of a point, line or surface - called the caustic - where
the focusing is maximum, surrounded by a nerrow region in which the focusing
effect diminishes with distance from the caustic.

For submerged sources of explosive sound, the pressure pulses appearing
at the caustics display marked amplification of the peak vaiue and distor-
tion of the waveform.

A tneory to describe the propagation end focusing of transient pulses in
convergence zones has been propesed by Silbiger.l The thzory is based on
the fundamenisl assumpticns of the validity of linear acoustics and the_ ab-
sence of viscosity in the propagatinz medium. Modificefions to ircorporate
viscous effects into the theory can be made and are discussed iu a later part
of this report. HNon-linear effects can also be included in the theory; how-
ever, they are not considered in this report.

By meking a series of mathematical approximations, the theory can be shown
to reduce tc the results of geometric acoustics, in regions off caustics and
not in shadow zones, Through a modification of geometric acoustics, the
theory yields predictions of the pressure on the caustic itself and in the

shedow zone near tle causi:,:i.c.l
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The goal of this report is to report results of a numerical comparison
of the Silbiger theory with the experimental results of Barash.2
The numerical comparison with experiment indicates that an order of mag-~

nitude prediction of the peak amplification of a focused pulse is obtained

assuzing a viscous medium and zero rise time source pulse.

II. COMPARISON OF THEQORY AND EXPERIMENT

A. Experimental Sound Speed Profile and Sound Sources

Barash2 observed the focusing of underweter shocikwaves produced by dete-
nating pentolite explosives in e quarry with & sound speed profile as shown
in Fig. 1. In one of his experiments the sound source was placed st a
depth of 50 ft for which the sound rays (determined by Snell's law) are shown
in Fig. 2. A caustic surface is evident, Barash observed the pressure pulse
producsd at the caustic by the detcnation.

We shall be concerned with reproducing theoretically the experimental
results for a particular combination of experimentsl perameters: charge
weight, 0.122 ib; charge depth, 50 ft; and a horizontal rarzz (to the obser-
vetion point on the ceustic) of 300 ft, at which the ciustic depth was

29.2 ft.

3. Mathematicel Model of Experiment

1. Modeling the Source Pulse

A fundamentel assumption of the Silbiger theory of shockwave focusing
is that nen-linear effects are unimportaent. Ta2se cen erise from large am-
plitude pressure waves so we chose %o cossider the smllest explosive weight
experimentally employsd (0.i22 1b) in the expectstisn that linear acsustics

theory will be valid.




The pressure pulse produced in the vicinity of a submerged explosive

is usually said to have a negligible rise tim= and an exponential decay, the
decay constant and peak value being functions of the charge weight and type,

and the range.3 For pentolite charges in a non-refractive medium, we have

1/3 -(t-R/c)
p(R,t) = 2.25x10" EyBe T 62D
(22)
\
in%
R
=0 (t <2) (1)

where w 1s the charge weight in pounds, R is the range in feet and ¢ is

the velocity of sound. tD’ the d2cay constant, is given by

3

ty = 58 w3 (%/:)-0.22 (micro-secs) (2)

A "negligible" rise time presumebly means a rise time much smaller
than experimentel equipm2nt can detect. As of yet, investigators in the
field of uncderwater detonations have not achieved a measurement of the rise
time close to the explosion; the genereily quotad (snd use”) velue is zero.
Clearly there is som2 non-zero yet very smell rise tim2; sbout the only
quantitative statemrent thaet can e made 1is that the rise time must be much
shorter than an observable decay time.

In Silbiger's notaticn, the pressure redimted by a transient scurce

into an inhomogeneous medium obeys the following wave equation:l

2
Polx,5,2,t) - o= S5 p(x,3,2,t) = - *(x)E()e(2) F(t) (3)
¢ (z) ot

'
-



where close to the source (located at the origin), the pressure is a&n

initially sphericasl wave of the form

p(r,¢) = Eile) (+ > R/c)

=0 {t <R/c) (%)

ani R is the range from the source, while c is ths velocity of sound in the
neighborhosd of the source.

For mathematical convenience, w2z model the scurce pulse {dencted by
F(t)] as a linearly increasing line segment foliowed by 2 linesrly descreasing

line segment. Thus, the model source pulse is described by the eguations

Fz) =0 t <@ (2)
- & D<t<t (v)
Tt o N
o]
A(t-tl)
= t <t <t, (c)
L7 T S L
1
=0 t2t (a) (5)

and is shown in Fig. 3.
Turning our attention back to Zqs. 1 and 2, we note that the exponents
1.135 and -0.22 eppearing in Egs. 1 and 2 wsuld be replaced by unity and zero,

respectively, in an absorption-free lirear fluid, corresponding to sphericasl

-

spreading end & time constent independent of distance.>

The peculiar exponents
eppear due to a ccrbination of non-linear effects of the water medium and
viscous attenuation. We meke the assumption that both these effects accumu-
late with distance from the source so thet the exponents 1.13 and -0.22 can

be replaced by one and zero, respectively, in the neighborhood of th: scurce.
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¥With this assumption, we determine A by setting the peak value of Bq. &

equal to the peek value of (the modified form of) Eg. 1, i.e.,

1/3
A h W
rth 2.25 x 10 ]

1]

or

A = iz (2.25 x 10%) w173

Setting the exponent -0.22 in Eq. 2 equal to zero, the dscay time in the

neighborhood of the source is then
ty = 58 wl/ 3 {nicro-sec)

or, for w = 0.122 1bs,

t’D =2.87 x ZLO“5 secs

For convenience, we will henceforth taxe tD as .10'5 secs; it will turre out
that the theoreticzl predictions are only weakly dependent on tD
Note from Bq. 1 that, for smail values of (t-R/c)/tD, ve have

t-R/c

e tp o~ 1. {zRl)
o

ty-(t-R/e)
= —_b——
‘D
Comparing the above with Bq, 5c, we see that if the rise time of the
model t’o is such that to << t’l’ as it should be physieally, Bq. 5c will

aporoximate the (early times) linear portion of the decay of Eq. 1 if

t.=¢%

D 1




and

.(E"_R[E). << 1l
)

or

(t-R/c) << 1077 cecs.

That is, the model source pulse wiil accurately represent the decay of (the
modified form of) Bg. 1 only for & time interval up to 10°6 secs or so after
occurrence of the pesk value.

In the absence of caustics apd viscosity, the pressure predicted by
the Silbiger theory is, aside from a multiplicative amplitude factor de-
rerdent on geometry, a time delsyed replica of the source puise.

After a pulse has propegated@ through a caustic, the pressure tice
history is ot the fcrmh

p(x,y,z,t}) = K Pr fa E(T) aT

-t

-l

vhere K 15 a geooetry-dspendent factor, F(T) is the tize history of the
source pulse, t is the time of observation and Pr denotes principel valus.
Fron the definition of the principal value integral, it can b2 shown
that the pressure field will diverge at certain times if F(T) has any dis-
continuit.es. Therefcre, in the absence of viscosity, thne wodel source
pulse must have non-zero rise and decay times, lest the theory predict

infinite vales for the pressure in the presence of caustics.

6=

4




It is shown in a later section that the effects of viscosity can be
incorporated into the theory by the introduction of a complex propagation
constant. Expressed as & Fourier integral over the Fourier spectrum F(w)

of th2 source pulse, the pressure appears &s

‘:}"’
p(x,y.2,t) = K |
-t

o~ it~ Iel“’a"“”/ (2lwl) ¥lw) do

where o=2xf is the circular freguency. The presence of the exponential damp-
ing factor can be shown to inswre a finite pressure at all times, even in
the presence of discontiruities in F(T), provided that P(T) is finite and is
of finite duration. Thus, if the wm2dium is assumed to be viscous, the model
source pulse may heve vanishing rise and/or dscay times.

As it 1s well known thet sound waves propagating in water suffer viscous

attem:atiou,) two models of the weter medium are considered for the sake of

comperison: one with viscosity included, the other without.

2. Modeling the Scund Speed Profile

The sound speed profile is modeied by the bilirear profile shown in
Fig. 4a, along with its associated ray disgram (Fig. 4b) corresponding to the
experimental sournd source locetion. The nodel profile neglects ths iso-
velccity segment of the experimentel profiie which origimmtes at the wmter
surface, as well as the quarry bottom, walls and water surface.

The caustic in the inhomogeneous isyer corresponds to the experimental
caustic. The second caustic extends to infinite distances only because the
surface isovelocity layer is omitted in tie model. If the swrface iscvelocity
layer were incluijed, consideration of the permissible ray paths would show

that the second caustic would only extend & short distance from the comuon

-T7-
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point of origin of the two caustics. Some ambiguity is introduced by the
omission. On the one kand, in the geometrical acoustics 1imit the pressure
pulse is determised by scund which has traversed ray peths lying entirely
within the sloping portion of the actual profile, and these critical ray
paths are reproduced in the bilinear model. However, experimentally, a signal
with a distinct beginning is observed tc precede the onset of the caustic-
focused pulse. This precursor signal most likely erisss from sound which
has propagated, at least in part, s=long the intersection betueen the surface
isovelocity layer and the sloping portion of the actusl profile.6 The
bilinear model will be unable, conseaquently, to predict this signel and,
indeed, some uncertalnty in the interpretation of the experimental records
is the result,

The omissicn of the bottom, walls and water surface is justified since
& pulse reflected from any of these surfaces will arrive at the observetion
point zuch later than the caustic-focused pulse, and in practice, produces
an easily identifiamble trace in thz experimental records.

The velocity profile of the bilinear model is described mathematically

by the relations

c(z) <, (1-az) z <0

=c z>0 .
o

The Silbiger theory then contains three parameters: the gredient (slope) of
the linesrly increesing segrent (denoted by a), the distance of tke source

from the origin (denoted by z_) and the sound speed at the origin (co).

o
[
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These parameters are fixed by requiring that the model reproduce {i) the

experimental vertical distance between the source and point of observation
on the caustic {at the experirental horizontsl range), (ii) the experimental
horizontal range (from the source) of the origin of the caustics, anc (111}
the average sound speed of the lower iscovelocity segment of the experimantal

profile. A reasonable fit of the expsrimentzl situation was obtained with

2 = 20.8 feet

o
a =2.707 x 21073 (£2)7L
e, = 4715 ft/sec

Smaller values of the parameter & ylelded significant disagreement with the
exparimentel range to the caustic origin; larger velues produce & large
discrepancy with the experimental verticul distance between source and caustic.
A coaperison between the mod:l and the experiment is shown in Table 1, along
with scme other cholces of model parameters to provide a comperison. The
quantity (zo-zc) is the vertical distance between the source and the caustic.
R 1is the horizontal range.

Note that the horizontal range to the origin of the caustic is not well
defined experimentaliy (see Table 1 and Fig. 2). According to the bilinear
nod=l, z,-2, should decrease monotonically as a function of horizontal reange,
whereas in Table 1 the experimentel value cf 2,"%. is non-monotonic for the

closest ranges. Our cholce of model parameters yields a range of 227.7 feet.

= oo A i e et A bl
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Table 1

VERPICAL SOURCE-CAUSTIC DISTANCE (FT) VERSUS HORIZONTAL RAMGE (FT)

EXPERIMENT BILINEAR MODEL
z, = 20.8 £t z, = 20.0 f% 7, = 18.0 £t 2, = 17.0 ft
8=2.70720° 3 a=2. 7071073267 a=2.024x20 378! p-1.342x207 372
_;_[z;zc R |z,-%, R 2,2, R z,-z, R z,72,
189.5’ 29.1
193.1! 28.6 !
209.8 27.8
210.1 28.0
215.8 27.1 |
227.7 | 23.3
232.2 25.7 | 231.7 | 23.2 23%.3 | 22.0
243.5 2k.9 | 243.7 | 22.8 2kk.3 | 21.8 245.0 | 20.2
257.6 2i.1 ! 257.7 | 22.5 | 259.3 215 | 258.0 | 19.8 i
275.3 23.1 i 275.7 | 2.2 27%.3 | 21.3 275.0 | 19.5 292.6 | 12.1
295.0 22.1 : 297.7 | 21.9 299.3 ?21.0 i 2908.0 | 19.2 297.€ i 18.0
331.9 20.0 . 332.0 | 21.T ! i 5 332.0 | 18.9 332.0 ! 18.3
378.1 17.6 | 378.0 | 21.4 i 380.0 20.6 | 378.0 |18.6 | 378.0 A1
386.9 16.7 | 390.0 | 21.h f 390.0 - 20.5 , 380.0 | 18.6 390.0 | 17.9
416.5 15.0 . 400.0 | 21.k ’ 400.0 ;20.5  %0.0 |18.6 | 409.0 « 17.8
| . i ' !

-20-
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3. Pressure Time Bistory on Caustic: Inviscid Medium Model

For points on the csustic (in & non-vigcous medium), the time history

of the pressure is given by7

(o) L/3

p(r 22 ;t) === Py .
T Pl (P(2)-EF WPz )60 |

¥ 1/6 p
I ¥o) |0l 7® expliol¥ /e(o)-t- F/lnf1} av 6)

where rc and zc are the cylindrical coordinates of the point of observation
on the caustic, c(o) is the sound speed at the origin, §, is the sine of the
angle with respect to the vertical at which the ray touching the caustic et
the cbservation point leaves the source, n(zc) [n(zo)] is the index of refrac-
tion at the caustic {scurce), w: is the third derivative with respect to £

of the phase function ¥(£,z,r) evalusted at §C,zc,rc, vhere

Z 2 —
, 2 2 !
w(E,z,r) = & + j‘ an (z)-§2 dz + j \/n (z)-§2 dz
z_ z,
and z_ is the turning psint for the ray characterized by £, Ai(o) is the
Airy function evaluated at zero ergument, ?(m) is the Fourier transform of
F(t), defined by the relation

Flo) = f& P{t) 2 gt

-

and for the model scurce pulse (Fig. 3) is given by

o) = 2 ] (1)
() o’ [ t ot 5 h

drm———— Vo e - —_—



® is the circular frequency, Wc is W(gc,zc,rc) and t is the time. Using

Eq. 7, the pressure can be written in closed form:

11 3| 2 o B
p(rc)zc,t) = ‘G ('2- 'wc l) R [nz(z\')_gel%[l_gal—% Ai(O)
c c’ “c c
2r@ ! e 16 ¢ 3-1 + SGN
Az Y(g) ACREN) t ey t {(f3-1+
CH (V31)} + & lee e ‘5/6{!\{3‘ 1 )+8GN(t- e }(V3 +1))
(t- So7 = %) 3+)+t°‘-m - oy’ (¥3+1)

W 5/6 v
kW (5
o i )
(8)

where SGN(x) =1 x>0

-1l x<0

The experimental data of Barash is presented not in terms of the
pressure directly, but rather in terms of the ratio of the observed pressure
pulse to the peak veluzs of the pressure pulse which would be observed if the
water had a uniform velocity. This retio is called the emplificatior

factor. For isovelocity water, the peak value of the pressure pulse would

be8
1/3 1.13
P, =2.25x10b/ — 1b
iso 2 2 102
\Vr +(z_-2 ) .
(o c O

where w is the weight (in pounds) of the explosive and r,, z, end z_are

measured in feet.
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Denoting the last bracketed expression on the right hand side of Eg. &

by £(t,t to) , the amplification factor can be written as

l)

p(r,,z,t)
¢’?%c -

— S =P - f(t,t,8) {9)
iso

The factor FPP is determined by the location of the point of observation
and the parameters of the bilinear model. FFP, as & function of the model
parameters, is given in Teble 2. The horizontal range (Rc) to the caustic
origin is also shown. FPP is strongly dependsnt on the slope (a}, Rc

vari - with both 2 > and a, As mentioned tefore, the first set of paresmeters
offers the most reasonable fit to the experimental caustic curve.

The maximum value of the function f(t ,tl,to) is shown in Teble 3 alomg
with the corresponding meximum value of the amplification factor, for a
series of values of tl and to. Trke observed maximum amplification factor
is 4.95. All the predicted values sre too high.

If the precursor pressure and the caustic-focused pressure combine
additively to yield the experimental record, the experimental amplificaticn
factor would be reduced to about 3.3. It is not clear, however, if this
interpretation is correct but a theoretical study ¢f precursors is in
progress. In any case, the predicted velues will still be too bigzh.

The function f(t,tl,to) is shown in Fig. 5. Values of f(t,tl,to) for
time intervals larger than about 10'6 seconds on either side of the origin
are not expected to be accurate because: (1) the modsl source pulse is valid
only up to times of 10'6 seconds or so, and (2) the high-frequency approxi-

mations mede in the theory itself. These latter limitations have not been

-13-
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Mxhle 2

FPF AS FUNCTION OF BILINEAR MODEL PARAMETERS

a (ft'l) 2, {zv) cle} {fet/sec}) FEP R (ft)

2.707 x 1073 20.8 %115 258  227.3
-

2,02k x 1077 18.0 ik 27 25,0

1.3%1 ¢ 2077 37,0 471% Jhoe 262.6

=1l

i
4
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Table 3

MAXTMUM VALUES OF £(%,%.,t ) AND THE AMPLTTUDE FACTGR

4S FURCTIONS OF tl AND to

oo )] 4 ]
tl(s-k) to(sec) f(t,tl,ta,m MAX MUK AMP FACTOR

1072 1077 37.37 9.6

1072 1078 61.22 15.8

107 1070 95.94 oh4.7

10"‘ 107 25.4 6.5

w0~ 1078 69.2 17.7

w07t 2.1 % 1077 2091 539

107" 3 x 10718 2351 80

..15.
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|
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investigated thorcughly enough to ,justify a discussion of them here. BRowever,

a study of the limitations of the caustic beundary layer formulame is in
progress. The slowly rising signal occurring prior to t=0 has no definite
time of onset end mey be associmted with the high freguency mature of some
of the approximations employed in the theory. Its significance has yet to
be studied in detail.

The experimentelly observed time history {of the euplification factor)
is shown ir Fig, 6. The precursor signal precedes the actual focused pulse.
The theory, as presently formilated, cannot predict this signal.

The details of the experimental record are, to some extent, unrelisble
in the s~nse that a sudden rise in pressure was recorded with a 10 micro-
second rise time.e Eence, although it appears in Fig. 6 as though the ex-
p2rinmentally observed rise and decay times of the focused pulse are both on
the order of 10™2 secs, they ay in fact be shorter then that.

At z2ny rate, we can conclude from Table 3 that the rise time required
by the th=ory to reproducs the experimental pesk amplification factor is
unreslistically large, since it must be longer than 107! secs , for

= 10"7 secs.

t
2
1

4. Pressure Time History at Caustic: Viscous Medium Mod=l

The time dependent wave egustion, including viscosity, is given 'oy'9

ol
\ i a 1 a-
Vzp(x,y,z’t,l + > E:-: Vzp(x’y,z,t,) -5 ) P(X,Y,z,t)

ca(z-) e (z)

- - S0 K + 5 S R(o)]

C O
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the kinewetic viscosity coefficient defined as

p
and ]
1 = coefficienu of bulk viscosity
u = coafficient of shear viscosity
p = density

-t
For a sinusoidel source (e ot time dependence) of strength‘?gn), the

visccus wave equation reduces to

p 2 2
P+ LB 5o - B sx)e()e(2) (0)
[1' 2
c (z)
If
i 2V | 11
cr‘\(z) ( )

and the variaticn of c(z) in the spatial domain of interest is smail enough,

in v ]~l
2

c{z
tive propagation constant defined as follows

then in the factor {1 - , ¢(2) my be replaced by ¢(o) and an effec-

X
orr T

VI 2o

s , _Kv
~K[l+ Lé—c—{a]
Intrcducing the Hankel transform pair

£(g,2) = g p(r,z) J_(k . &) T ar (12)
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pir,z) = £ £(5,2) 3,(k ¢p ) szr S &

th2 treuasform of Eq. 10 becomes

2

2 .2 i
L5 0(8,2) + gy 18502) - ) 2(5,2) = - Hol ¢(z)

Proceeding frcm BEqs. 12 and 13, th2 dsvelopzent of the caustic boundary
layer formalism proceeds as in the non~viscous case, the czly difference
being the appearance of koff instead of X.

The pressure time his!.ry on the csustic is then given by

p(r. b) _ faa 2’-\150 e -i::/hJ & )eim[h /c(o)-t,-uw al o:.l/6

+ complex conjugate]

Whare
[ -1 3
Ei;_l- 2n § C(C) /3 ' ¢ l! ub-l 3
[r (- ;2)2(3 (2 )-2)
ani
a=—
2c”(o)

For the model source pulse, the pressare time history is given bty

. . t
) - BT ey iy

W
1 c .
TN Bigry - 74,13
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where

a(s) = - S ota T 2r(r/2) ¢, & & - 1)

+ t&-13/12 (i) 2, - L'E?)]

3 ,a-2712 1 sl
+ St[., r(x/12) ,F, (12, 5 —I&T&—)
2
_eanT/12 .3 _.%!
t8 r(7/12) lFl (1 ? o2 hE )}
and
v W
- = c
2c3(o)

Using the asymptotic form of lpl valid for 't'iejh?. >> 1, it can be
verified that: (a) Eq. 15 reduces tc the non-viscous pressure in the limit
= o /no viscosity) and (b) Ba. 15 reduces tc the non-viscous pressure in
the limit to |t°l2/hE > 1, itﬂz/hs >> 1. Tn2 first limit provides a check
on Eq. 15. The second limit implies that for sufficiently long rise and
decay times. viscous attenuvation has no 2ffect on thes pressure tize history.
This is reasonable since long rise and decay times mesns there is very little
high freguency content in the Fourier spectrun of P(t). This being the case,
it is irmpterisl whether the high frequesncy caxponentf get damped out or not.

(Rzcall that viscous attenuation goes as e )
A function amalogous to f£(t ,tl,to) of Eq. S can be defined for the

~constant o

visccus model. For a model source pulse with zerc rise time end tl=2.0.5

seconds, the function {denoted by ¢ (t)] is shown in Fig. 7. The viscosity

-

kd oo




related parameters are for fresh 1.::31:&1':5 u = 0.01 g/cm-sec and 1=2.81 u.

c(o) was texen as 1.5 x 10° cafsec and ¥ &s 300 ft, the distance along the
ray path to th2 point of observation. The emplification is then taken as
fv(t) times FPP as defined in Eq. 9.

As in the non-viscous case, the computed time history has & limited time
domein of validity. A numerical evalustion of the inequality of Ea. 1@ shows
that a)v/cz(z) is on the order of 0.1 for a frequency of 10'° Hz. Therefore
the computed time history should be unreliablie for times sharter than about
le-lo seconds. As mentioned before in connection with the inviscid medium,
the model source pulse becomes unreliable for times longer than 10"6 secends
or so. Therefore, the cozputed time history should become erronecus for times
(beyond the origin) of the same msgnitude. In addition, the theory is besed
cn & high frequency spproximetion which will render the time history reliatble
for only & short time interval after onset. However, & quantitative descrip-
tion of this source of error is not vet evaiisble,

For the model source pulse (Fig. 3) with t°=o,tl=1o"5 secs, the thecreti-
cal p2ak amplification factor is 6.1, as compared t5 the experimental value
of 4.95.

If the precursor pressure and the caustic-focused pressure  sabined
additively to yield the experimental record, then the experimental arplifi-
cation factor would be egbout 3.3.

In either was3, the predicted velus is too high by 20 to 100 percemt. If
2 nen-zerd rise time in the model scurce pulse were assumed, the thzoretical

predicticn should decreese, It is possible that 8 more ressonable prediction

could be made with & non-2ero y=t physically reasonable rise time » but this

has not opeen attermpted.

-20-
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III. CCXCLUSIONS

hAssuning e source with finite rise time and an inviscid medium, the
cooputed emplification factors are much too high if & physically acceptable
rise time is assumed.

For a source with zero rise time radiating into a viscous medium, the
theoretically computed amplification factor is 20 percent to 100 percent too

high. A non-zero rise time might reduce the discrepancy.

~21~
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Figz. 3. Mathamatical model of source pulse.
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Fig. ka. Mathematical model of bilinear sound speed profile.
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